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INTRODUCTION

An interim Progress Report was submitted on the work of this unit in

April 1978. This report included the test procedures now adopted for in vivo

evaluation of potential antileishmonial activity. These are repeated below for
convenience. A number of compounds was supplied by WRAIR for testing on four

strains of Leishmania in December 1977. Preliminary data were supplied to WRAIR

by the following month together with a request for additional supplies of certain
drugs. Unfortunately, because of faulty communications we have only
been in a position to continue with certain in vivo tests as from November 1978.

The data requested by WRAIR a year ago are therefore not yet all available and
top priority is currently being given to completing this work. Additional
in vitro studies to parallel the in vivo work are also in hand at the present time.

Please note that the Progress Report sent in April 1978 was not intended
for general circulation. Itjil_"laced by the present Final Report which is now
being submitted in the format recommended in a letter from WRAIR SGRD-AJ
dated 11 October 1978.

SCIENTIFIC ACTIVITIES

1. CHEMOTHERAPY

1.1 Techniques

We have reviewed and simplified to some degree the procedures
for drug testing that were set out in our application for research support, dated
February 1977. Experience showed us that the original techniques developed

by Mrs. Trotter, were unnecessarily c~rnberxvme and did not give as consistent
results as we had anticipated. The following techniques have now been adopted
in this Department.

We are currently investigating the possible use of Balb/C mice as hosts
to replace the NMRI line that we have used so far. Information received from

colleagues in other centres suggests that Balb/C's may be as satisfactory as,
or better than NMRI's and they are easier to obtain in bulk from breeders in
this country than the latter variety.

1 .1 .1 Visceral leishmaniasis

The laboratory model used for the investigation of drug
activity against visceral infection in this laboratory is L. donovani sensu lato
(Strain LV9 from Ethiopia). The parasite is maintained by continuous passage in
Syrian hamsters (Mesocricetus auratus). (This parasite is probably a variant of

L. infantum).
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Infected animals are anaethetised with ether and killed by cervical
dislocation. The skin surface is swabbed with alcohol and the enlarged spleen
removed aseptically into sterile Locke's solution in a sterile tissue homogeniser. After
homogenisation the resultant suspension is centrifuged at 200 g for five minutes to
remove tissue debris and the supernatant is then further centrifuged at 800 g for ten
minutes to separate the amastigotes. These are resuspended in Locke's solution and
their numbers counted in a Neubauer hoemocytometer. The suspension is further
diluted with Locke's solution to produce a final concentration of 50 x 106
amastigotes/ml.

20 g NMRI mice from a random bred colony are inoculated intravenously
with 0.2 ml of the amastigote suspension. Parasites reach the liver and spleen
rapidly by this route and may be detected one hour after infection. Infection is
carried out randomly and the infected mice are subsequently divided at random
into groups of six. Two untreated control groups are established and one treated
group for each dose level of the compounds under test are set up. Additionally,
Pentostam (sodium stibogluconate) at 400 mg base/kg is used as a positive drug
control.

One control group is sacrificed on D+7 and liver impression smears are
prepared, stained with Giemso stain and examined to confirm the presence of
parasites. Treatment of the dosed groups is commenced on D-+8 and continued for
five days. On the day following the final dose (D+13), all surviving animals
are sacrificed and liver impression smears are prepared.

Assessment of the effect of treatment is made by examining liver impression
smears. The smears are fixed with methanol, stained with filtered Giemsa stain
and the numbers of parasites/1000 host cell nuclei are counted. The mean parasite
count of each treated group is expressed as a percentage of the mean parasite
count of the untreated control group and a dose response curve is plotted on log/
probit graph paper to determine the ED5 0 and ED9 0 of the test compound.

The test result is also expressed, by comparison with Pentostam, as a
Pentostam Index.

ED90 Pentostam

ED90 Test compound Pentostam Index

1 .1 .2 Cutaneous leishmaniasis

Experimental compounds are tested against both Old World
and New World forms of cutaneous leishmaniasis. The Old World type is represented
by L. j_ = L. tropica major (Strain LV39 from USSR) and the New World
cutaneous leishmaniasis by L. mexicana amazonensis (Strain LV78 from Brazil).
The test system used is essentially the same for both species, differing only in the
nature of the inoculum. L. major infections are produced by the intradermal
inoculation of promastigotes from culture, whilst L. m. amazonensis infections are
induced by the inoculation of amastigotes harvested from lesions in Syrian hamsters.

Studies are still proceeding to find a suitable rodent host for L. panamensis
(Strain LIV641 =WR 128)



-3-

(i) Preparation of inocula

a) L. major

Using sterile techniques L. major amastigotes are isolated from
developing nodules that have not ulcerated, by homogenisation and differential
centrifugation. Rabbit blood agar slopes are seeded with a drop of the resultant
amastigote suspension, 200 units/ml penicillin and 2 0pg/ml streptomycin are
added and the slopes are incubated at room temperature. Cultures are passed
when the promastigotes are in their log phase of growth. Cultured promast;gotes
are concentrated by centrifugation at 800 g for ten minutes, resuspended in Locke's
solution and the number of flagellates present estimated in a counting chamber.
Suspensions are adjusted to contain between 5 and 25 x 106 promastigotes/ml.

b) L. mexicana amazonensis

A suspension of amastigotes is obtained by grinding tissue from
infected hamster feet with sterile sand in Locke's solution using a pestle and
mortar, and differentially centrifuging it at 200 g for five minutes and the
supernatant at 800 g for fifteen minutes. The amastigote pellet is resuspended
in Locke's solution, parasite numbers are counted in a haemocytometer, and
the suspension is diluted to contain 5 x 107 amastigotes/ml.

(ii) Test procedure

20 g TFW mice are shaved over an area of 1 .5 cm2 above the
tail base using animal clippers, and inoculated in random order with a volume of
0.2 ml of either L. major (or L. m. amazonensis) suspension intradermally 1 cm above
the tail base in the midline. The animals are randomly caged in groups of five.
The experiment is controlled with one untreated group and one positive drug control
group which receives Pentostam equivalent to 400 mg antimony/kg. Four groups
of mice, receiving a range of dose levels, are set up for each compound under test.

Treatment is commenced at three hours post-infection and continued daily
for five days in all. Compounds are routinely administered subcutaneously in the
interscapular region.

The site of infection is kept shaved throughout the experiment and the size
and appearance of the lesion is assessed for each mouse weekly for up to seven weeks
and a lesion score from 0-4 allocated as follows:

0 No thickening of skin
I Thickening of skin
2 Small discreet nodule (up to 0.3 cm diameter) or extensive thickening
3 Discreet nodule (0.3-0.6 cm diameter)
4 Larger lesions and ulcerated lesions.

The lesion score is assessed by two workers each examining the animals
independently and a mean lesion score is derived from the sum of both sets of readings
in order to minimise the human error inherent in any such subjective system.

):!.
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(iii) Determination of drug activity

a) Percentage suppression during the first four weeks

The sum of the weekly mean lesion scores for the first four weeks
of the experiment in the treated groups is expressed as a percentage of the untreated
control group score for the same period. These values are plotted on log/probit
graph paper and the percentage suppression is determined.

b) Suppressive dose

The sum of the weekly mean lesion scores of the treated groups
over the course of the whole experiment is expressed as a percentage of the untreated
control values for the total period. The results obtained are plotted on log/probit
graph paper and the SD50 and SDo9 are determined. (SD = that dose which causes
n% suppression of lesion development compared to the untreated control as reflected
by the sum of the mean lesion scores.)

c) Pentostam Index

S90 Pentostam
D 90 Tetstmod= Pentostam IndexSD 90 Test compound

1.2 Data on WRAIR and other compounds tested

Table 1 summarises data on 12 compounds provided by WRAIR and
6 other compounds. Details of the activity of these compounds as assessed so far
against L. infantum (LV9), L. major (LV39) and L. mexicana amazonensis (LV78)
in mice are provided in Tables 2 through 30. The outstanding points that arise
from these data are the following:

(i) Glucantime sc is marginally less active than sodium stibogluconate

(Pentostam) sc

(ii) Only 2 8-aminoquinolines showed significant activity against skin-
dwelling parasites (namely WR 226292 and WR 226257). (Pentostam
itself is only effective at high doses against these organisms.)

(iii) WR 226292 (the 5,6 methoxy analogue of WR 6026) is highly active
against L. infantum and L. major when given po, (Pentostam Index 155)
but little better than Pentostam given sc. WR 226292 is indeed the
most active compound with the broadest spectrum of activity that we
have encountered (other than Pentostam in liposomes versus L. infantum).

(iv) The lepidines WR 212579, and 226257 are less active than WR 6026 but
WR 211666 is about as effective as WR 6026. All these compounds
have a similar level of activity sc and po except WR 211666 which,
like 226292 is more active po.

I11 I 
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(v) WR 181023 (4-methyl primaquine) is about as active as WR 212579
against L. infantum but is ineffective at tolerated doses against
the cutaneous species.

(vi) Clindamycin shows a modest activity against L. infantum.

(vii) Amphotericin B has poor activity against L. infantum but is superior
to Pentostam against L. major.

(viii) An old batch of WR 6026 (AG 75499) showed poor activity compared to
newer material. This may indicate chemical instability.

It is interesting to compare these data obtained in mice with data published
recently by Kinnamon et al. (Am. J. trop. Med. Hyg., 1978, 27, 751) based on
studies with the Khartoum strain of L. donovani (= L. infantum) in hamsters.

1 .3 Studies on antimonial leishmanicides in liposomes

In association with the Dcpartment of Biochemistry in this University
(Dr. New) we have been investigating the effects of incorporating Pentostam and other
antimonials into liposomes, using L. infantum and L. major in NMRI mice as our target
organisms. We were unaware that two ot1~er groups were working independently on
this question, namely that of Black at the Nuffield Institute in London, and Steck
at WRAIR. We have arrived at similar conclusions to both these groups, namely that
the activity of organic antimonials is greatly enhanced against visceral leishmaniasis
when the compounds are incorporated into liposomes. The activity against cutaneous
infection is still being investigated, and information will be provided later. Other
f-'--rs of liposome and other anti leishmanial drugs will also be investigated in an attempt
to enhance their therapeutic index and effectiveness. A report on our liposome studies
is attached as Appendix I.

2. PARASI TE BIOCHEMISTRY AND MODE OF ACTI ON

A new technique has now been described by Mr. Brazil for separating pure
amastigotes from tissue using a cellulose column. (Appendix II). Preliminary data
on the purine and pyrimidine synthetic activities of L. m. amazonensis promastigotes
are summarised in Appendix Ill, details of which are being prepared for publication.
This preliminary work shows a clear Jistinction between the metabolism of this
parasite and others studied by Marr and Berens.

3. BIOCHEMICAL IDENTIFICATION OF LEISHMANIAL ISOLATES

This Department has now been officially designated as the "WHO International
Collaborating Centre for the Biochemical Characterisation of Leishmania".

We have received several interesting new isolates including several from cases
of Uta (from Dr. Herrer, Peru) and isolates from patients with kala-azar in the current
Indian epidemic in Bihar. We have also received further material from Senegal
isolated from man, rodents and P. duboscqui. This material is currently being grown
and identified. The Indian material, all from man, is particularly interesting as it
differs from strains of L. donovani that we received several )ears ago from
Professor P. C. Sen Gupta of Calcutta. .



A strain of Leishmania isolated by Mutinga and Ngoka from a dog in Kenya
(Trans. R. Soc. trop. Med. Hyg., 1977, 71, 447) has proved to be identical to
strains causing visceral disease in man in that area. This is the first time that the
dog has been implicated as a reservoir of kola-azar in Kenya where the reservoir
previously has been suspected to be rodents of various species.

We are currently examining all available isolates from kala-azar from
India, the Middle East, Africa and South America in an attempt to resolve several
enigmas that have arisen regarding the taxonomic status of the causative organisms.
We still hope to receive more cultures of Honduras isolates from WRAIR to include
in this survey.

The organisms responsible for cutaneous and mucocutaneous disease in
the New World are currently receiving attention, and it is already becoming clear
that mucocutaneous disease may result from infection with more than one species or
subspecies of Leishmania.

A paper reviewing the biochemical taxonomy of isolates from the Aethiopian
zoogeographical region has now been published (Appendix IV).

Further isolates have been received from WRAIR for identification and
work on these is proceeding. The data available so far are as follows:

LV Original designation

639 117 Herrera Man Honduras visceral
640 142 Animal Honduras visceral (trypanosome)
641 158 Murray Man Panama cutaneous
642 182 Herrera Man Honduras visceral
643 195 An ima I Honduras visceral
644 220 Hendricks Man cutaneous
645 219 Man India visceral
646 234 Dog Spain cutaneous?
647
648 LN1 58 Murray Man Panama cutaneous
649 WR168 Khartoum Man Sudan visceral
650 WR271 Man Kenya visceral
651 WR272 McGillivary Man Kenya cutaneous
652 WR275 Orviss Man cutaneous

Preliminary characterisation of LV639, LV642 and LV644 indicate that
the GPI and 6PGDH of all three are identical. These enzymes are quite different
from other isolates from patients with visceral leishmaniasis of the Old World.
Although the material has not yet been compared with markers for South American
L. mexicana, the enzymes looked at so far appear to be very close to these
organisms. Work is continuing on the identification of the whole series.

In Appendix V are listed isolates received in our WHO Collaborating Centrew , ''
in addition to those listed as Annex 1 of our Final Technical Report of March 1977.
The total number of isolates in our collection is now 677.
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4. IMMUNOLOGICAL STUDIES

The ELISA test designed for the diagnosis of visceral leishmaniasis in our
Department (Hommel et al., Ann. trop. Med. Parasit., 1978, 72, 213-218).
has proved invaluable in identifying cases of kala-azar in India and helping to
differentiate those probably suffering frorr malaria but misdiagnosed. This work
is still continuing in collaboration with the staff of the National Institute of
Communicable Diseases, Delhi, and will be reported in due course. Filter paper
blood samples from man and a variety of domestic animals are being examined in
Liverpool by Mrs. Sells, and those from man are being examined by the FAT
by Dr. Lanotte of Montpellier University.

In vitro studies of T-cell function in cutaneous leishmaniasis and kalo-azar
are being conducted by Mrs. Sells. The leucocyte migration test is proving negative
in patients known to have had Oriental Sore, but further investigations are being
carried out including the use of modified techniques. A relationship between
the type of cutaneous cellular response in infection with different Leishmania species
is suspected to determine whether ELISA-detectable antibodies are produced in a given
patient or not. This is being followed up in patients seen at clinics in England
and overseas.
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: Pentostam Route of administration: s.,:.

L donovani (Strain LV9) Experiment No.: hr - Date:
Dose (mg/kg) !No. of animals Mean omastigotes/1 000 host cell nuclei _ Control

Control 4 10o

1ooo 6 44- 24.7+-.1

200.0 (60) 6 132 7.3+ 3.6

400.0 (120) 6 2 0.'+ 0.1

600.0 (180) 6 0 0

ED0 75(59-104) ED90 155(123-215) Pentostam Index 1.0

as Sb 22.5(17.7-31.2) as Sb 46.5(36.9-64.5)

L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

___________ 12 4 5 7 (as % control) suppression (as % control)

Control 0.2 0.2 0.5 0.5 0.8 1.2 1.4

600 f )) 0.1 0.2 0.4 0.6 0.8 0.8 .6 92.9 7.1 72.9

1000 (300) 0.2 0.3 0.4 0.4 0.7 0.6 .8 92.9 7.1 70.8

1500 (450) 0.2 0.2 0.2 0.2 o.2 0 0.4 57;2 42.8 25.0

2000 (600) 0 0 0.2 0.2 0.2 .2 .2 28.6 71.4 2o.8

SD 5 1050 SID 2750 Pentostam Index
as-Sb 315 as 825 10

L. m. amozonensis (Strain LV7S) Experiment No.: Date:
Dose (mg/kg) IWeIkl mean lesion score Sum Week 1-4 Sum Week 1-7

1 12 3 14 1 5 1 2 1 7 1 6 7 (as control) suppression (as % control)

Control 0.6 1.0 1.3 1.3 1.4 1.4 P.3

(as Sb
100 (30) 0.9 1.1 .4 1.2 1.3 1.3 1.2 100 0 90.3

200 (60) 0.9 0.4 D.4 0.3 0.6 ).8 .4 47.6 52.4 40.9

400 (120) 0.5 .3 .3 .6 .5 .6 .6 40.5 59.5 36.6

6OO (180) 0.3 .2 9.1 .1 9.6 ).3 ).4 - 16.7 83.3 21.5

SD 290 SO 860 PentosItm Index 1.0
50(as Sb) 87 9as Sb 258

Deportment of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMmARY OF ANTILEISH.MANIAL DRUG TESTS

Compound: LV '1 7 WR cO2&AD Route of administration:
B G 1 44 1- 3

L.donovoni (Strain LV9) Experiment No.: Do te:
Dose (mg/kg) No. of animals Mean amostigotes/1000 host cell nuclei % Control

Control L6 L12 L41 Li L12 L41
5460 445-I

1.0 5 1360 33.6 + 5.-

3.0 3 1357 24.9

10.0 3 103 1.9

30.0 6 0 0

ED5 0 1.2 (0.6-1.9) ED90 2.8 (1.5-4.6) Pentostam Index 55.4

L. major (Strain LV39) Experiment No.: L56 Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 1 4 5 1 6 17 (as % control) suppression (as % control)

Control 0.2 0.2 0.6 0.9 1.6 2.0 1.7

3.0 0 0.3 0.4 1.4 1.6 2.0 2.4 100 0 100

10.0 0.5 0.8 1.9 1.0 2.0 2.8 2.9 100 0 100

30.0 0 0.1 .4 .'0 2.0 2.2 2.7 32 68 100
/

60.0(,j LD80) 0 0 l.o 1.5 2.0 3.0 if 100 10 100

SD50 > MTD SD90 > ATD Pentostam Index -

L. m. amozonensis (Strain LV78) Experiment No.: L52 Date:
Dose (mg/kg) IWeekI mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as 0 control) suppression (as % control)

Control 0.2 0.2 D.6 .9 1.6 .0 2.4

3.0 0.6 0.5 D.7 .3 1.2 L.8 2.7 100 0 100

10.0 0.2 0.3 P.7 .4 P.5 .6 .6 94 6 87

30.0 0 .4 .4 * .0 .9 .0 . 53 47 100

60.0(- 'LD80) 0 0.O 2.o 2.0 2 100 100

SD50 >- TD SD90 > MTD Pentostom Index

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMAN ,AL DRUG TESTS

Compound: LIV WR 02GAD Route of administration: ?
BG 14..

L.donovani (Strain LV9) Experiment No.: L--- Dote:

Dose (mg/kg) No. of animals Mean amostigotes/ 1000 host cell nuclei % Control

Control

1.0 514 2.- " + 4.-

3.0 232 io.2 + 4.2

10.0 5 28 1.2 + 0.7

ED50 0.4(0.2-0.6) ED9 0 2.5(1.7-4.4) Pentostom Index 62.0

L. major (Strain LV39) Experiment No.: Dote:

Dose (mg/kg) Weekly mean lesion scoe Sum Week 1-4 Sum Week 1-7

1 1 2 3 4 1 5 16 17 (as % control) suppression (as % control)

Control

SDs 0  SD90  Pentostom Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dose (mg/kg) IWeekl, mean lesion score Sum Week 1-4 Sum Week 1-7

1 (3 4 5 6 7 (as % control) suppression (as % control)

Control

SDs5 SD90 pentostom Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHM,6ANIAL DRUG TESTS

Compound: L IV I W R t0 A - Route of administration: SC
AG 74 )a

L.donovani (Strain LV9) Experiment No.: L43 Date:
Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control

Control 3 46oo

3.o 5 1490 32.4 + 3.3

10.0 5 730 15.9 + 3.1

30.0 5 560 12.2 + 4.2

60.0( MTD) 5 125 2.7 + 0.8

ED50 2.2(l.0-3.9) ED90 30(14-63) Pentostam Index 5.2

L. major (Strain LV39) Experiment No.: L47 Date:
Dose (mg/kg) I Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

t_ 1 2 3 4 5 1 6 17 (as % control) suppression (as % control)
Control 0.1 0.4 .6 0.6 1.3 .9 2.4

3.0 0.1 0.2 0.4 .3 1.0 D.8. .9 58.8 41.2 64.4

10.0 0.1 0.4 k.2 0.1 k.6 D.6 p.9 47.1 52.9 39.7

30.0 0.1 0.4 .2 0.4 0.5 :.4 L.0 64.7 35.3 41.1

SD50  7.o SD90  > MTD Pentostam Index -

1. m. amozonensis (Strain LV78) Experiment No.: L48 Date:
Dose (mg/kg) 1Weeki mean lesion score Sum Week 1-4 Sum Week 1-7

1 1 2 3 14 1 5 1 6 17 (as % control) suppression (as % control)

Control 0.4 .5 D.8 .9 1.2 ).7 .O

3.0 0.2 .4 P.5 D.4 .4 .1i .1 58 42 .38

10.0 0.4 D.3 0.2 0.1 0.5 0.6 1.1 58 42 67

30.0 0.4 D.2 0.4 0. 0.8 0.8 1.2 62 38 80

60.0 ( LD80) l.a F.5 0.5 1.0 2.C 100 0 100

SD50 SD90 > MTD Pentostom Index

Department of Parasitology - Signed:4 Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV/'14'2( __ Route of administration: Sc
BG 44 41

L.donovani (Strain LV9) Experiment No.: L-; , LiZ, Dote:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control L4 L12 74 L1i

3 4 45-15 4459

30.o 3 4550 100

60.0 3 723 16.0

100.0 6 LD 10 0

EDs0 50 ED90 , 62- Pentostam Index 2.5

L. major (Strain LV39) Experiment No.: Date:
Dose (mq/kg) Weekly mean lesion- score Sum Week 1-4 Sum Week 1-7

_____ 1 2 3 14 5 16 7 (as % control) suppression (as % control)

Control 0.1 .4 1.3 2.6 2.8 3.6 3.3

30.0 0 0 0 0.5 2.0 3.5 3.C 11.4 88.6 63.8

100.0 LD10 0

SD 50  30 SD9 0 > MTD Pentostam Index

L. m. amozonensis (Strain LV78) Experiment No.: Date:
Dose (mg/kg) I Wkl mean lesion score Sum Week 1-4 Sum Week 1-7

1 3 4 5 6 7 (as control) suppression (as % control)

Control

SDs5 SD90 Pnmtostom Index NOT TESTED.

j Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

f .Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANiAL DRUG TESTS

Compound: WR z262r:., Route of administration: Po

BG 44741
L.donovani (Strain LV9) Experiment No.: L4 Date:

Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 2 27 3

1.0 1.2 + 0.-

3.0 50 0

10.0 50 0

ED5 0  < 1.0 ED90
< 1.0  Pentostam Index > 155

L. major (Strain LV39) Experiment No.: L61 Date:
Dose (mg/kg) I Weekly mean lesion score Sum Week 1-4 ,1 Sum Week 1-7

1__ 2 3 1 4 15 6 17 (as % control) suppression (as % control)

Control 0.8 1.2 2.4 3.0 3.3 2.8 3.o

1.0 0.4 0.2 0.1 0.2 0.2 0.2 0.6 12 88 12

3.0 0.4 0.410.2!0.4 0 0 0 19 81 8

10.0 0.4 0 0 104 0 10 0 1 89 5

SD 50  < 1.0 SD9 0  10 Pentostam Index , 155

L. m. amazonensis (Strain LV78) Experiment No.: L53 Date:
Dose (mg/kg) IWeeki mean lesion score Sum Week 1-4 Sum Week 1-7

1_____ __ 1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control 1.2 2.8 3.0 3.0 2.6 2.312.3

1.0 0.6 0 0.2 0.4 0.8 0.7 0.8 12 88 20

3.0 0.2 0.2 0.8 0.6,0.7 1.0 0.9 18 82 26

10.0 0.4 0.2 0.4 0.6 0.5 1.0 1.2 16 84 25

SD,50 < 1.0 SD,9 > 10.0 Pentostam Index < 15.5

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

I IPrincipal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: 1 WP 2 Route of administration:
B BG il4i-

L.donovani (Strain LV9) Experiment No.: L'I- , L4 Dote:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control

CnrlL 2 TFL] L-t1
Control 4 3 44 59 4050

1.0 5 2260 5- 8 11 .

3.0 5 1680 41. + 5.)

10.0 6 198 4.5 + I

20.0 6 0 0

ED50 1.9(0.8-3.2) EDgo 5.0(2.5-7.5) Pentostom Index 31.0

L.m (Strain LV39) Experiment No.: Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

_ 1 2 13 14 5 16 17 (as %control) suppression (as % control)

Control 0.1 0.4 1.3 2.6 2.8 3.6 3.3

10.0 0 0 0.5 2.6 2.8 3.3 3.1 70.5 29.5 87.2

30.0 0 0 0 0.7 2.0 2.4 2.4 15.9 84.1 53.2

SD 33 SD90 > MTD Pentostam Index -

50 9

L. m. amazonensis (Strain LV7S) Experiment No.: Date:
Dose (mg/kg) IWeekly mean lesion score Sum Week 1-4 Sum Week 1-7

112 j24.. 5 6 7 (as % control) suppression (os '% control)

Control 0.1 i0.4-0.5i0.8 1.211.211.8

10.0 0.1 0.5 0.8 1.2 1.4 2.2 2.1 100 0 100

30.0 0 0.2 0.7 1.0.1.0 1.8 2.0 100 0 100

SD50 > MTD SD90  > MTD Pentostom Index

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

I_ ."Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: :'." 1 - ?: Route of administration: Po

L.donovani (Strain LV9) Experiment No.: L.. Dote:
Dose (mg/kg) No. of animals Mean amostigotes/1 000 host cell nuclei % Control

Control 3 227-

1.0 1022 45.0 -

3.0 5 394 17. + 4

10.0 5 2 0.1 + 0.:

ED 1.5(0.8-1.7) ED9 0  2.7(1.9-4.2) Pentostam Index 57.4

L. major (Strain LV39) Experiment No.: Date:
Dose (m,/kg) Weekly mean lesion score Sum Week 1 -4 Sum Week 1-7

_ 1 2 3 4 5 1 6 7 (as % control) suppression (as % control)

Control

SD50  SD90  Pentostom Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dose (mg/kg) IWeekl mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD5 0  SD90 Pentostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Dote:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANtAL DRUG TESTS

Compound: ........ Route of administration:

L .donovani (Strain LV9) Experiment No.: ., Date:
Dose (mg/kg) No. of animals Mean amostigotes/1000 host cell nuclei % Control

Control

-. 0 14-0 t . - %-

10.0 10 ' i~.

50.0 130 4.

ED50 2.4(1.6- .5) ED90  13(9.5-21) Pentostom Index ii.0

L. major (Strain LV39) Experiment No.: Date:

Dose (mgikg) Weekly mean lesion scare Sum Week 1 -4 Sum Week 1-7

2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD 50  SD90  Pentostam Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:

Dose (me/kg) IWekIe mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as 00 control) suppression (as % control)

Control

SD5 0  SD90 Pentostoen Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters

4? • 11



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: L.'I '- ; " Route of administration:

L.donovani (Strain LV9) Experiment No.: ,,, Dote:

Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control

Control 3 10 3o

100 5(5 d -d)

200 5(5 died)

300 5(5 died)

ED50  ED90 Pentostom Index

L. major (Strain LV39) Experiment No.: Dote:

Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

1 1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD5 0  SD90  Pentostam Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:

Dose (mgVkg) IWeekI mean lesion score Sum Week 1-4 7' Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD 9 Pntostom Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

<I! Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV'142 ' WR 2125-AB Route ofadministration: S
B(7,

L.donovani (Strain LV9) Experiment No.: L1 L Date:
Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control

LI2 LIS -- 11- L 163
Control 4 4 4459 515

1.0 6 19-0 +

3.0 6 1632 6. 4-

10.0 6 1890 42,.4 + 4.

30. 0 (MTD) 6 0 0

ED5 0  7.0(3.0-10) ED90 11.5(5.4-17) Pentostom Index 13.5

L. major (Strain LV39) Experiment No.: L40 & L22 Dote:
Dose (mg/kg) Weekly mean lesion scoe Sum Week 1-4 Sum Week 1-7

1 2 13 4 5 6 7 (as % control) suppression (as % control)

Control L40 0.4 L.a 2.0 2. 3.8 3.6 3.8

3.0 0.5 2.0 2.0 2.4 2.4 2.8 3. 100 0 86.8

Control L22 0.1 0.4 1.3 2.6 2.8 3.6 3.31

10.0 0.3 0.7 0.8 1.3 2.2 3.3 2.9 70.5 29.5 81.6

30.0(MTD) 0.2 1.01 1.0 1.5 1.0 2.5 3.d 84.1 15.9 72.3

SD 5 0  ) MTD SD9 0  > TD Pentostam Index -

L. m. amozonensis (Strain LV78) Experiment No.: Date:
Dose (mg/kg) IWeekl mean lesion score Sum Week 1-4 Sum Week 1-7

2 3 14 5 6 17 (as % control) suppression (as % control)

Control

SD50  SD90 PeNtostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Dote:

Principal Investigator: Professor W. Peters

.. .I..:t = , .+ - - ;1r =-- O - ..
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: L-V WB :M2z-7'AB Route of administration: P
B( 4U969

L.donovani (Strain LV9" Experiment No.: L, Dote:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control

Control_ - 3

3.0 1330 58.5 + 4.-

10.0 566 29.4 + 7.3

30.0 5 18 0. + 0.5

ED50 4.3(2.6-7.5) ED 90 13(8.0-23) Pentostom Index hA

L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) I Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

2 3 4 5 6 7 (as 0 control) suppression (as % control)

Control

SD50  SD90  Pentostom Index NOT TESTED.

L. m. amozonensis (Strain LV78) Experiment No.: Date:
Dose (me/kg) IW..kl mean lesion score Sum Week 1-4 Sum Week 1-7

2 r3 4 5 6 7 (as % control) suppression (as % control)

Control

SDg9 Pentostm Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters

U.dE4f M 
,



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: L.T /1 1-- WR -2-,'AA Route of administration: sc
BG 4;42

L.donovoni (Strain LV9) Experiment No.: L1 - Dote:
Dose (mg/kg) No. of animals Mean amostigotes/1000 host cell nuclei % Control

Control L13 Li L

4 4 4020 2 _ _1 _

1.0 6 1:,-s + 8.

3.0 6 1513 60.2 + 5.0

10.0 6 1067 42.4 + 2.9

30.0 6 95 2.4 + 0.8

100.0 6 0 0

ED50 5.3 (3.2-9.5) ED90 14.5(9.0-26) Pentostom Index 10.7

L. major (Strain LV39) Experiment No.: Date:

Dose (mg/kg) Weekly mean lesion score Sum Week 1 -4 Sum Week 1-7

_1 2 1 3 4 15 16 17 (as % control) suppression (as % control)

Control 0.4 1. 2. 2. 3.8 3.6 3.E

1.0 0.5 2.C 2. 2.r 2.7 3.0 3.1 100 0 94.6

3.0 0.2 1.4 2.c 2.E 2.4 3.3 4. 100 0 91.4

10.0 0.3 1.4 i.E 2.j 2.5 2.6 3.C 91.9 9.1 79.3

SD 5 0  > 10.0 SD90 > 10.0 Pentostam Index -

L. m. amozonensis (Strain LV78) Experiment No.: Date:

Dose (mg/kg) IWeekl mean lesion score Sum Week 1-4 % Sum Week 1-7
1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD50 SD0 PentostaM Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters .

I: i



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: L:v ;> 2 Route of administrotion: P,

L.donovani (Strain LV9) Experiment No. Dte:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei Control

Control 3 40-0

1.0 5 '570 Ew.5 + 1.5

3.0 5 1760 4.5 + 1O.O

10.0 5 1590 39.3 + 6.2

ED50 3.6(1.O-8.0) ED90  11.5(3.5-24) Pentostam Index 13.5

L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 o/ Sum Week 1-7

____ -- __ 1 1 2 3 4 5 16 1 7 (as % control) suppression (as % control)

Control

SD5 0  SD9 0  Pentostom Index NOT TESTED.

L. m. amazononsis (Stroin LV78) Experiment No.: Date:
Dose (mg/kg) IWeeli mean lesion score Sum Week 1-4 Sum Week 1-7
Control 1 2 3 4 5 6 7 (as control) suppression (as control)
Control

SD SDg Pentostom Index NOT TESTED.r Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LI'. I;0 WR , C Route of administration: SC
AW 4;1 :&&L

L.donovani (Strain LV9) Experiment No. : 4 5 Date:
Dose (mg/kg) I No. of animals Mean amastigotes/1000 host cell nuclei % Control

Control 5 2070

3.0 5 1710 82.6 + 7.2

10.0 5 1390 67.2 + 10.9

30.0 5 1100 53.1 + 9.3

60.0 5 740 35.8 + 3.3

100.0 5 363 17.E + 3.5

ED50  20(9.5-44) ED9 0  145(67- 300) Pentostam Index 1.1

L. major (Strain LV39) Experiment No.: L50 Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

1 1 2 3 4 1 5 1 6 7 e' (as % control) suppression (as % control)

Control 0 0.1 0 .8 0.8 .4 1.6

10.0 0 0 0 .4 1.2 .1 ?.6 44 56 100

30.0 0 0.1 0 .4 1.8 .4 .8 56 44 100

60.0 0 0.1 0 o.5 1.6 .0 2.7 67 33 100

100.0 0 0 0.62.0 .2 .5 67 33 100

SD 5 0 > 100 SD 9 0  > 100 Pentostam Index -

L. m. amozonensis (Strain LV78) Experiment No.: L49 Date:
Dose (mg/kg) IWeklr mean lesion score Sum Week 1-4 Sum Week 1-7

1 1 2 3 14 1 5 1 6 7 1 (as % control) suppression (as % control)

Control 0.1 0 D.4 .5 .3 0.2 0.7

10.0 0.1 0 P.4 .2 D.7 1.0 1.3 70 30 00

30.0 0 .1 D.4 .3 D.5 0.4 0.1 80 20 95

60.0 0 0 ).4 .2 0.3 0.5 1.E 60 40 100

100.0 0 0.4 .4 .4 .3 0.7100 0 100

SD 50  > 100 SD90 >100 pentoot index

Department of Parasitology Signed:
Liverpool School of Tropical Medcine Date:

i Principal Investigator: Professor W. Peters

I II ... , __ i il I I I ... ... --7 -



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV/' TV, 2 - Route of administration:
GLUCANTMME BE -

L.donovani (Strain LV9) Experiment No.: Lt. Dote:

Dose (mg/kg) I No. of animals Mean amostigotes/1000 host cell nuclei % Control

Control 3 3120

3.o 5 1950 62.6 + 8.6

10.0 5 1910 61.3 + 8.9

30.0 5 1630 52.3 + 12.3

ED50  >30 ED9 0  > 30 Pentostam Index

L. major (Strain LV39) Experiment No.: Date:

Dose (mg/kg) Weekly mean lesion score Sum Week 1 -4 Sum Week 1-7

1_ 1 2 13 4 5 1 6 7 (as % control) suppression (as % control)

Control

SD50  SD90  Pentostam Index NOT TESTED.

L. m. amozonensis (Strain LV78) Experiment No.: Date:

Dose (mo/Ig) )Weekl mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as control) suppression (as % control)

Control

SD 5 SD90 Pentostam index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIVi1593 WR 214-95AB Route of administration: sc
G LU C ANT IME BE 47,137

L.donovoni (Strain LV9) Experiment No.: Date:
Dose (mg/kg) No. of animals Mean omostigotes/1000 host cell nuclei % Control

Control 3 1030

100 5 420 40.8 + 19.2

200 5 170 16.5 + 12.1

3c0 5 60 5.8 + 1.9

ED5 0  35(12-90) ED90  200(70-500) Pentostam Index 0.8

L. ma (Strain LV39) Experiment No.: Date:
Dose (m/kg) Weekly mean lesion score Sum Week 1 -4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD 50  SD90  Pentostam Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dose (maig) IWeeki mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as I control) suppression (as % control)

Control

SD50 SD Pentostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LUv.'1157 WR 1L3254AB Route of administration: sc
BB 4E455

L.donovani (Strain LV9) Experiment No.: Do te:
Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control

Control

EDs 0  ED90  Pentostam Index NOT TESTED.

L. majo (Strain LV39) Experiment No.: Dote:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 Sum Week 1-7

(as % control) suppression (as % control)

Control

SDs 0  SD9 0  Pentostam Index NOT TESTED.

L. m. amazonensis (Strain LV713) Experiment No.: Date.
Dose (mg/kg) IWeekI mean lesion score Sum Week 1-4 Sum Week 1-7 4

1__1_2_f__3__2 4314 5 6 1 7 (as % control) suppression (as % control)

Control 0.1 0.4 o.8 1.0 1.1 1.6 .4

3.0 0.1 0.6 1.3 .5 11.1 1.6 .2 100 0 .86.5

10.0 0.1 0.4 D.6 9.6 1.6 2.1 2.2 73.9 26.1 100

30.0 0 0.1 D.4 .5 0.9 L.1 .6 43.5 56.5 62.6

100.0 0 4.4 .5 1. .6 L.2 56.5 43.5 70.3

SD50 > 100 SD 9 0 >1 00 Pntoston Index -

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV I -- 7 - I--!l AG - 4747 Route of administration:
PR Ia 7'- f'' : ;E ..... i 'S!' <-F

L.donovani (Strain LV9) Experiment No.: L" ) L4i Dote:
Dose (mg/kg) No. of animals Mean omostigotes/1000 host cell nuclei 0 Control
Control L9 L4: LI L41

3 3 51 .3 4050

1.0 5 3040 75.1 + 12.1

3.0 5 2390 59.0 + 12.8

10.0 5 1000 24.7 + 5.0

30.0 5 487 9.5 + 1.6

60.0 (MTD) 5 10 0.2 + 0.04

ED50  4.6(2.7-9.0) ED90  16.5(9.5-33) Pentostom Index 9.4

L. major (Strain LV39) Experiment No.: L40 & L22 Dote:
Dose (mg/kg) Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7

1_ _ 1 2 3 4 15 16 17 (as % control) suppression (as % control)

Control L40 0.4 1.0 2.0 2.8 3.8 3.6 3.8

1.0 0.5 2.4 2.4 3.8 4.0 3.6 4.0 100 0 100

3.0 0.1 0.6 1.4 2.1 2.3 2.0 2.8 67.7 32.3 64.9

10.0 0.1 0.8 1.4 2.5 2.4 2.8 3.2 77.4 22.6 75.9

Control L22 0. 0.4 1. 2.8 3 . ,
30.0 0 0 0.2 1.0 1.2 2.4 2.7 40.9 59.1 53.2

60.0 (MTD) 0 0 0 1.5 2.2 2.7 3.0 34.1 65.9 66.7

SD50  SD90 > MTD Pentostom Index -

L. m. amazonensis (Strain LV7S) Experiment No.: L42 Date:
Dose (mg/kg) IWeekr mean lesion score Sum Week 1 -4 Sum Week 1-7

2 6(as * control) suppression (as % control)

Control o.1 0.4 0.5 0.8 .2 1.2 1.8

30.0 0 0.3 0.6 0.6 0.8 1.7 1.9 83.3 16.7 98.3

60.0 (MTD) 0 0 0.4 1.2-1.4 1.9 2.0 88.9 11.1 100

SID5 SD90 > MTD Penitostom Index

Department of Parasitology Signed:
Liverpool School of Tropical Medic;ne Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHANIAL DRUG TESTS

Compound: LV,'1:,' WR 1 3023AG Route of administration:
4-METHYL PRIM.AQUINE BE 50003

L.donovani (Strain LV9) Experiment No.: L43 Date:
Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control

Control 4600

3.o 5 1804 39.2 +

10.0 5 450 9.3 + 4.2

30.0 5 60 1.3 + 0.6

60.) 5 10 0.2 0.2

100.0 5 0 0

ED50  2.7(1.6-4.5) ED90  9.8(4.8-15.5) Pentostam Index 15.8

L. major (Strain LV39) Experiment No.: Date:

Dose (mg/kg) Weekly mean lesion scare Sum Week 1-4 5 Sum Week 1-7
1___ 1 2 13 4 15 16 17 (as / control) suppression (as _% control)

Control 0.1 0.4 0.6 0.6 1.3 1.9 2.41

3.0 0.1 0.2 0.4 0.7 0.5 o.4 1.2 82.4 17.6 50.7

10.0 0.1 0.2 0.6 0.5 0.7 P.8 1.0 82.4 17.6 53.4

30.0 0 0.2 0.4 0.4 0.8 .8 1.2 58.8 41.2 52.1

60.0 0 0 0.3 0.5 0.7 1.3 1.3 47.1 52.9 56.2

SD50  > 60 SD90 > 60 Pentostam Index -

L. m. omazonensis (Strain LV78) Experiment No.: L48 Date:

Dose (mg/kg) IWeeki mean lesion score Sum Week 1-4 Sum Week 1-7
4(as control) suppression (as % control)

Control 0.4 0.5 D.8 0.9 1.2 .7 1.0

10.0 1.0 1.0 0.5 0.6 0.6 .7 1.1 100 0 100

30.0 0.4 0.5 P.6 p.6 1.0 .7 .0 73 27 87

60.0 0.4 0.6 .7 .4 1.1 .7 1.3 81 19 95

100.0 0.6 .6 .6 .6 .6 .8 .3 - 92 8 93

SDo >100 SD >100 Pnmtostom index

Department of Parasitology Signed:

Liverpool School of Tropical hedicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LP:" 1 WR Route of administration: 5,"

L.donovani (Strain LV9) Experiment No.: Dote:
Dose (mg kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control

Control 3 3 120

3.0 5 70 25.0 + e-

10.0 5 460 14.8 + 1.1

30.0 5 280 9.0 ;- 1.:

100.0 5 0 0

ED5 0  4.0(1.4-10.5) ED9 0 12.2(4.3-32) Pentosta.n Index 12.7

L. maj (Strain LV39) Experiment No.: Date:
Dose (mg/kg) Weekly mean lesion scare Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as S control)

Control

SD SD Pentostam Index NOT TESTED.
50 90

L. m. arnozonensis (Strain LV7T) Experiment No.: Date:
Dose (mg/kg) IWeekI mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD o SDg9 Pe ntoit0m IdeX NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropi lefdicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: IV Route of administration:

L.donovani Straln LV9) Experiment No.: Dote:
Dose (mg,'kg) No. of animals Mean amostigotes/1000 host cel! nuclei ,% Control

Control - -

3.0 .

10.0 9.

30.0 940-

ED50  ED9 0  Pentostam Index

L. mair (Strain LV39) Experiment No.: Dot-:
Dose (mg/kg) j Weekly neo lesion scoe Sum Week 1-4 Sum Week 1-7

_ 2 3 4 5 6 7 (as % control) suppression (as 2 control

Contro I

SDI 0  SD 90  Pentostam Index NOT TESTED.

L. m. omozonensis (Strain LV7) Experiment No.: Date:

Dose (mg/kg) IWeeli mean lesion score Sum Week 1-4 Sum Week 1-7
3 4 5 6 7 (as 0 control) suppression (as % control)

Control

SD 5 0  SD 90 PItotowM Index NOT TESTED.

Deparmtent of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

I' Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: " Route of administration:
. . . . . .. .. . . . .- -L_ i *".'. "_5:B - - ,

L.donovani - Strain LV9' Experiment No.: Dote:
Dose (mg,/kg; No. of animals Mean amastigotes/1000 host cell nuclei Control

Control . >-

:00 _=<% id
I N-)

-. )

ED 34(12-SO) ED90  2 0o- MTD) Pentostam Index .,
50ED9 etsoIne

L. major (Strain LV39) Experiment No : Date:
Dose (mg/kg) Weekly mean lesion score Sum Week 1 -4 Sum Week 1-7

1 2 3 4 1 6 17 (as % control) suppression (as % control)

Control

__ __-'tl--_

SD 5 0  SD9 0  P.;,,tostam Index , ___E

L. m. arazonensis (Strain LV713) Experiment No.: Date:
Dose (mg/kg) IWekl, mean lesion score Sum Week 1-4 Sum Week 1-7

112 r3 4 5 6 7 (as % control) suppession (as % control)

Control

SD 5 0  SD90 Pentostom Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISrt,-ANIAL DRUG TESTS

Compound: - - -"A Route of administration:Compound::C ', B "1..9

L.donovani (Strain LV9) Experiment No.: Date:

Dose (mg/kg) No. of animals Mean amostigotes/1 000 host cell nuclei % Control

Control 54-0

1.0 3 4-10 86.

3.0 3 3647 6.

10.0 3 2090 38.

30.0 3 1930 35.

100 . 3 1633 9 .

ED5 0  10 ED90  > 1OO Pentostom Index < 1.6

L. major (Strain IV39) Experiment No.: Date:

Dose (mg/kgl Weekiy mean lesion score Sum Week 1-4 Sun, Week '-7

1 2 3 4 5 6 7 (as control) suppressai" w as % cor.trol)

Control

SD 5 0  SD9 0  Pentostam Index NOT TEF-FI-.

L. m. amazonensis (Strain LV78) Experiment No.: I Date:

Dose (mg/kg) IWeekI mean lesion score Sum Week 1-4 9 Sum Week 1-7

1 1 2 3 4 5 6 7 (as % control) suppression (as 9 control)

Control

SD50  SDo pentostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters
Ar I



SUMMARY OF ANTILEISHMANIAL DRUG TESTS --

Compound: " Route of administration:

L.donovani (Strain LV9) Experiment No.: :L,- Date:

Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control

Control 5460

30.0 2 420 44.

ED50 - 30 ED90 > 30 Pentostam Index < 5.2

L. major (Strain LV39) Experiment No.: Date.
Dose (mgikg) Weekly mer. leion scare Sum Week 1-4 .born Week 1-7

J 1 2 3 4 5 6 7 (as 0 control) suppression (u w % ".ontro)

Control

SD50  SD9 0  Pentostam Index NOT TESTED.

L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dose (ms/kg) IWeeki mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as% control)

Control

SD 5 0  S09 Pentostm Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: PI.ofessor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: .... " Ro.ute of administration:

L donovani (Strain LV9' Experiment No.: Date:
Dose (mg/kg) No. of animals Mean amastigotes,'1000 host cell nuclei 5o Control

Control
io,

10.O0 :::,."

.00.0 [ 527 20.+

ED50 11(4.5-32) ED90  950 (450- 1000) Pentostom Index 0.2

L. major (Strain LV39) Experiment No.: Date:
Dose (mg';g) Weekly mean lesicri scoV j Sum Week 1-4 Sum Week 1.,

1 2 3 4 1 5 1 6 1 7 (as % control) suppression (as % cCit"rj)

Control 0 0.9 1.5 2.1 2.9 3.2 3.2

10.0 0 0.3 1.6 2.8 2.4 1.4 k 100 87

30.0 0 1.0 i.4 1.8 1.6 1.8 1.6 93 7 67

hoo-.0 0 0 .6 1.8 2.8 .8 2.4 53 47 75

.io0.) , 0.2 .4 0.2 0.4 .8 D.8 18 82 20

SD 50 ,,, 5 SD 9 0  ,,., 100 Pen-ostom Index

L. m. amazonensis (Strain LV78) Experiment No.: I Date:
Dose (mAg) IWeki mean lesion score Sum Week 1-4 % Sum Week 1-7

2 (3 4 5 6 7 (as % control) suppression (as % control)

Control

SD50 SD90 Pentotofm Ind&x NOT TESTED.

Department of Parasitology Signed:

K Liverpool School of Tropical Medicine Date:

;.i Principal Investigator: Professor W. Peters



SUMMt,,ARY OF ANTILEISHMANIAL DRUG TESTS

Compound: ' Route of administration:

L.donovani (Stran LV9 Experiment No.: T Date:

Dose mg/kg) No. of an;mals Mean amostigotes/lO00 host cell nuclei .% Control

Control - 25.5

10.0 870

30.0 6 803 31.4 + -.I

100.0 6 702 27. ,

300.0( L-o) 6 350 1.

"CO0.o0( LDo 0 6-
~10000

ED50  8.5(2.5-12.5) ED90 > MTD Pentostam Index -

L. major (Strain LV39) Experiment No.: L35 Date:

Dose (mg/kg) Weekly mean lesion scoe Sum Week 1 -4 5 Sum Week 1-7

12 141 5 6 71 (as % co trl) suppression (as %/ control)

Control 0.2 .4 1.2 1.0 L.7 '.O

60.0 0 .2.2 89 11 83

100.0 0 0 ).4-.O L.3 2.5 78 22 100

300.0 0 0 .8 1.6 ..6 .6 56 44 89

600.0 0 .7--6 .7 .0 .2 50 50 _

SD 5 0  SD 9 0  > MTD Pentostam Index

L. m. amazonenss (Strain LV78) Experiment No.: Date:
Dose (mg/kg) IWeeki mean lesion score Sum Week 1-4 9 Sum Week 1-7

C 2 3 6 7 (as %_c control) suppression (as % control)
Control

SD50 SD90 Pentostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SU&/MARY CF ANTILEISHMA NIAL DRUG TESTS

Co-mo" d: WR I _14B

Compound: . Route of administrot:on:

L.donovani Strain LV9 Experiment No.: Date:
Dose (mg/'kg) No. of animaIs Mean omastigotes/1000 host cell nuclei ontrol

Control 4 1 0

60.0 6 1137 62.6 + 1;.t

100.0(MTD) 890 49.2 -

ED50 1, ED90 > MTD Pentostom Index

L. major (Strain LY39) Experiment No.: Dote:
Dose (mg/kg) Weekli ,-ean lesion scare Sum Week 1-4 / Sum WeeL . -7

_ 2 3 4 5 6 7 (as % control) suppresbion (as % ccnorc,)

Control

SD 50  SD 9 0  Pentostom Index NOT TESTED.

L. m. amazonensis (Strain LVT8) Experiment No.: Dole:
Dose (ma/kg) IWekI mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 4 5 6 7 (as % control) suppression (as % control)

Control

SD 50  SD0 Pentostam Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: .w. 17; Route of administration:

donovani (Strain LV9) Experiment No.: D te:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control

Control 4 1310

30.0 1480 -1.8 + 10.7

60.0 6 827 45.7 + 12.3

ED5 0  ,v 60 ED90 > 60 Pentostam Index -

L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) Weekly mcun lesion score Sum Week 1-4 _m Week 1-7

_ 2 3 4 5 6 7 (as % control) suppression (as %,1 controi; -

Contro I

SDs 0  SD9 0  eentostam Index NOT 1 r

L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dose (mg/kg) IWeekI mean lesion score Sum Week 1-4 Sum Week 1-7

1 2 3 14 5 6 7 (as % control) suppression (as % control)

Control

SD0 SD Pentogtom Index NOT TESTED.

Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters



,RepnnreI from .Nature, VoL 22. 5. 5648. pp. .5 56. iarch 2. 1

11acmillan JoumaLs L rtL, Is "s

Antileishmanial activity Table I Sur',,al of ama,tgotes in the her after treatment Ath

of antimonials entrapped in liposomes drug-loaded hposo.
Dose admin-

THE use of liposotnes in chemotherapy as a method of ensuring istered img Parasites per
that drugs reach the diseased or defectise tissues suffers from the per kg body 200 cell
draw back that, on intra\enou., injection, the bulk of the material Expt Drug Treatment Aeighti nuclei - se.

is rapidly cleared by the phago,:. tic cells of the liherl and does I Potassium None None 244) -1
not reach the desired target. \ke report here a system in which antimony Drug alone 20 2W- I.
adsantage is taken of this beha%iour to treat visceral leish- I tartrate *Drug "ithin liposomes 20 0

2 Potassium None None s49 .h
maniasis in mice, in which the amastigole parasites reside antimon) Liposomc, alone None S,1 sI
unharmed in sacuoles inside the Kupffer cells of the liker". tartrate Drug alone 2o 7 o n I

Lipornes were prepared from lecithin (purified from egg *Drug - lpoom es 20 10t4 w,*Drug %,,thin Iiposonies 20 0)
yolk by the method of Pangborn' ) by ultrasonication as 3 Potassium utone None 24" if,
described by Bangham and Horne'. Lecithin (200mg) w, as antmony Drug withi Iiposomes 0.125 24" 24
dispersed in 10 ml fluid, and sonicated in the cold for 5 tartrate 0.25 22 I
min. For liposomes containing drug. 2 g either of antimony 0-' 19. 15

1.0 I II topotassium tartrate or sodium antimony gluconate %ere included 2o lIol IS
in the dispersion. OtherNise. the material was dispersed in 4 Potassium None None 5ON st
distilled water alone. After sonication. the suspension was passed antimony Drug alone 10 51 .4

through a glass fibre filter pad. dialvd for 3 d against 2 1 of tartrate *Drug Aithin h1 osomes I0 4t t')

normal saline (%ith three changes of med:,,m) and then con- Sodium Drug alone ,I " "

centrated 10-fold using an Amicon XM100 filter. The quantity antimony 'Drug %ithin liposomes 10 hl S5
of antimonial drug retained in the concentrate was measured by gluconate 5 172 -29
atomic absorption spectroscop.. The filter held back up to 90'.
of the antimon% contained in the dialysate. This material was Groups of six NSIRI mice were inoculated %kith amastigotes of
!'und to sediment within 30 min at 100.000g. The above L. dno ant on da. 0. and receied their first dose ofdrug on da% 10
,,rocedure gae liposomes containing typically a total of 5 mg In Fpt I. the drug w'as administered o.er 3 d (days 10. I1, 12) and

t he animals Aere killed on day 14. In Expts 2. 3 and 4, the drug %asdrug. After storing for I week at room temperature, at ]cast gi,.en as a single dose. and the li',ers taken for assay on da' 12.
50", of the antimony was retained within sedimentable lipo- *Drug incorporated into liposomes during sonication. I mg of drug is
somes. the remainder having escaped into solution. A fresh contained in approximately 40mg phospholipid.
preparation was used for each experiment described. Figure I tDrug mixed with a pure liposome suspension 10 min before injection.
shows an example of an antimony-containing liposome which
displa.s the characteristic multilamellar structure. Preliminary
oberation by X-ray microanalysis has provided additional
es idence for the presence of antimony in these vehicles. The effect of drugs on a leishmanial infection was assdyed by

a modification of the method of Stauber et al. using the mouse
model of Bradley6 The concentration of drug ,dS adjusted to

. I mg ml. and injected intrasenously into NMRI mice (appr,_x-
imate weight 20 g) which had been inoculated intr.,enously 10 d
preiously with amastigotes of an Ethiopian isolate of Leish-
mania do,noani s.I. (isolate no, HU3, Lierpool designation
LV9). This parasite is maintained routinely by passage through
hamsters and transferred to mice in the form of a spleen cell
suspension. The mice were killed 2 d after injection of the
drug, and the extent of the infection assayed microscopically by
counting the number of amastigotes per 200 liver cell nuclei in an
impression smear.

Table I shows that drug incorporated into liposomes had a
much greater effect in reducing the parasite count in the liver
than equivalent quantities of either liposomes or drug injected
alone. Tartrate, 0 4 mR per animal (20 mg per kg body weight),
given over a period of 3 d, was sufficient to abolish the infection
completely as judged by light microscopy (Expt 1). An identical
result was obtained when the same quantity was administered in
a single dose (Expt 2). A significant reduction in the number of
parasites was also observed after administration of a liposome

t. . " . suspension in which the tartrate had been dissolved at a con-
centration of 0.8 mg per ml just before injection. This result
:tJggests that there may be some uptake of the drug by lecithin

Fig. I Electron micrograph of section of mouse liver showing I ,soms from the aqueous medium. Over the range of doses
liposome containing potassium antimony tartrate I h after intra- tested, there is a linear response ofprobit activity against Iogdose
venous injection. Tissue fixed in 3% glutaraldehyde in 0.1 M
cacodylate buffer post-fixed in I 0. osmium tetroxide and em- (Fig. 2). In addition. Table I shows that the enhanced activity

bedded in Araldite. 200,000). exhibited by tartrate in the liposomes was also given by the drug



.ittn~ ,,,..a:e . , tiifori,.ted tor clital 01nctaut nI llo-.' Int astt,11a aa7)~s*~' C.

..,e .,:ider -,e traoc Ile~t ""1~7 1 K-iroue: - \\ i ,. ''-'e 1 " :atlrrilc iili'' 1 .'.'es ~ed :.,at tile
T~e ikiea lrig _aret 11a, 1:,:, 1''x'Irlt n'er'c F!! i'. J:!ieac~ 've K'd . a hit '' !! t 11~'.~v

it 'iiit p'r, tc,:t we dri tr' f 'o ciahlkprcse and. V t. e :71 %..:lenn lpTc
\!cc tirsa, protct ttc non-ta cet '-I dunt ii! The time 1w e dc i, 1 Ir - ! as. fctee druc .%.4, Jclee iu:
.IkCn f*,T hIe drug to reach tht: taret Sc. ':7d. It IllUlt transport Irom [he r~asma. and isa, !1it dCteCtat1c 1,%our **.le:K'J 1 I:

tile drug9 directls to the desired to.c atd. fittallk it mna) otelr littt.~o> JjIntin:rainon 1.ptnot ,j ., _.i,
C1n1hnce the uptake of thle drugZ l' the xells of the tirgci tissue, tmat i-rev '.rate IN :aken up rs ers throes tes durng is.
and perhaps increasie it-, eiffcacs tit hin thle defect se cell. Xlso. o, % ~orkeiN ha'e shos~ i that ip0osonics .'Ce taKcn

tn the %:\perirnental model dec,ribed tiere. ant mon% -tilled Li' r \ a, igan, en:omipassing the mononuiclear phagocs le
liposomes seem to satis.fN most of these requiremnents. s stm MP'Si. and that uptake of therapeutic drugs Into
\rntimony potassium tartratc %ta, one of thle first and most hsosomes of pltagoc~ tic cells can be enhanced o ion in and :,I
potent agents used for curing lesiaisstu tets ito by incorporat ionl Of the drug into liposomes.
treatment necessitated prolonged es~posure to highdy toxic In \,ie\- of thle fact that liposomes and Ieishmanial paraities.
lesels of drug. In our system. lesels close to thle lethal dose of share a propensity for cells of the MPS, it is reasonable to hope
5(0 tit per kg ssere Aithtott cIfeed: sshet entrapped in liposomles. that :argctting of antimonial drugs at present in use. by en-
ho%%c~er. a single dose of 20 ig per kg tEsxpt 21 \&as conrlpletely trapmcent %%ithin liposomes. may be feasible in a range of
etlectise in eliminating the infection. Measurement of' the clinical manifestations of the disease, at, , especiall% %khere

amastigoics reside wkithin macrophages t, :he liser. spleen.
bone marro& and lsmiphatie ssstem.
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PURINE AND PYRIMIDINE SYNT7HESIS IN PROMASTIGOTES OF LEISHMANIA MEXICANA AMAZONENSIZ.

R.P.BRAZIL AND J.D.McCARTHY

DEPARTMENT OF PARASITOLOG3Y, LIVERPOOL SCHOOL OFTROPICAL MEDICINE

The occurrence of salvage pathway for purines is generally assumed in Leishxnania.

This assumption is made from the study of growth requirements of the organisms in

defined medium (Steiger& Steiger,1977). There is little information on the uptake of

radiolabelled nucleic acid precursors in Leishmania spp.(Croft,1977;Marr & Berens,

1978) and only recently have some of the enzymes of purine metabolism been examined

(Konigk & Rasoul,1978).

In the present communication we investigated purines and pyrimidines metabolism

in promastigotes of L.m.amazonensis using radiolabeiled precursors. The incorporation.

of 2- 3H adenosine, 6- 3H thymidine, 5- 3H uridine, U- 14C glycine and 6- 14C orotic acid

into nucleic acids was measured by scintillation counting methods(Neame et al. .1974).

Radioactive adenosine, thymidine, uridine and glycine were incorporated into the

nucleic acids of the parasites, but there was no incorporatior ,-- orotic acid. These

results show that promastigotes C~f L.m.amazonensis are capable of both s.d'a- --i

de novo synthesis of purine, but they rely on the salvage pathway for pyrimi.~lle

synthesis.

The inability of L.donovani and L.brazi.1iens1- --ensu lato to synthesize purines

de novo(Marr & Berens 1978) could account for the ditferent reaction of Leishmania

spp. to different antileishmanial agents.
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